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‘The present invention relates to fuel injection pumps
for internal combustion engines of the type having a
pump barrel and a pump plunger arranged therein and
enclosing a work chamber therewith between a fuel
supply means and a fuel delivery means.

to create a pressure in the delivery means needed for
1n]ect1ng an amount of fuel into the internal combustion
engine.

With such fuel 1n]eet10n pu

1PS hitherte known the

adjustment of the fuel delivery associated with the full

load of the internal combustion engine at a predetermined

number of revolutions thereof to a preselected value has
so far been effected by affecting the conditions prevailing
in the work chamber during the compression stroke of

the pump plunger and before its extreme position asso-
ciated with the end of the compression stroke. However,

the pressures prevailing in the work chambers of such

fuel injection pumps being very high, the above described
method of control requires high accuracy as
machining the mutually sliding surfaces of associated
pump barrels and pump plungers which, on one hand,

have to form a seal for the high fuel pressures and, on

the other hand, are exposed to high strains in operation.
Thus, their life-time is relatively short. The control
per se being rather cumbersome the fuel injection pump
has to be set with high accuracy. | |

- The main object of the present invention consists in
eliminating the above said drawbacks and providing a
fuel injection pump for internal combustion engines of
simple construction, reliable operation and long life-time.
The present invention is based upon the discovery that

Hnn- |

Cam means are
provided for positively driving the pump plunger so as

regards .
- 35

2 849 997
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dependent on the number of revelutrons ef the mternal '-

~ combustion engine.

10

Still another ob]ect of the present 1nvent1on censrsts |
in preventing pressure reaction among the work chambers -
of individual pump elements of a gnng of such elementsg

through their common supply means. AR
A still further object of the present 1nventren cens1sts

- in providing means for reducing the pressure exerted by.
the pump plunger on the cam means so as to decrease._ |
its load during a censrderable pertlen of one eyele of =

injection. | |
Still another eb]eet of the present 1nventlen 1S to prowde |

a new and improved fuel injection pump in which the
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the fuel delivery can—in contradistinction to the above -

described known system—be controlled by adjusting the

delivery means rather than by affecting the conditions

prevailing in the work chamber. This is, in compliance
with the main feature of the present invention, obtainable
by applying control means for reducmg the fuel pressure
prevailing in the delivery means during displacement of
the pump plunger towards the supp]y means SO as to
adjust the fuel delivery associated with the full load of
the internal combustion engine at a predetermined number
of revolutions thereof to a preseleeted value.,

The new fuel injection pump may utilize longer shdrne- |

surfaces than heretofore provided and thereby reduce 60

the machining accuracy required for providing reliable
sealing properties. Also the life-time of the new fuel
injection pump is increased thereby since its components
are exposed to relatively smaller strains.
fuel inmjection pump is controlled by means other than
the work chamber the structure is rendered relatively
more simple and reliable. and is cheaper to manufacture.

Another object of the present invention consists in
improving the displacement of air from the work chember
by decreasing its cylinder clearance. '

A further object of the present lnvenhon consists in -

having the adjustment of the fuel delivery rendered

50

Slnce the new
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pump Is adjusteble while the 1nternal cembustmn engrne' o
1S running, |

A still further eb]ect ef the present 1nvent10-n censmts o
in providing means for preventing umntentronal adjust- " .

ment . of 1nd1v1dual pump . elements of a eang of such. -
elements. o '

Further objects and features of the present 1nvent10n '_ B
will be described by taking reference to the accompany- .= .

ing drawings which show, by way of exarnple,__severel._l
embodiments thereof. In the drewmgs S B
Fig. 11s a sectional view of one embodiment.
Fig. 2 shows a
ment, -
Fig. 3 represents

11111 of Fig. 2. -
Fig. 4 illustrates a detall ef Flg 2 at a relatwely Iarger’_t B

scale.
Fig. 5 is a diagram in whrch the number of revolutrons

of various internal co

seetrenal view takenfalong the -1-1ne'__'f_;-

“the torque thereof.

Figs. 6 to 13 show various eperatronal pesrtrens of. an___

in Fig. 1. - o
Frgs 14 to 23 represent various eperatlenal POSltlens o

of the embodiment shown in Figs. 2 to 4. __ E
Fig. 24 illustrates a perspectrve view of still anether s

embodiment. ]

Fig. 25 is the view ef a detell ef the embedlmentf.-"-'.'- ,

represented in Fig. 24, - R
Fig. 26 shows a sectional view of a further emhedrment
taken along the line XXVI—XXVI of Fig. 28. o

Fig. 27 represents a view taked along a separatrna_

surface of the pump housing as 1nd1eated by the 11nes~, o

XXVII—XXVII of Fig. 26. |
Fig. 28 is a view of a detail of Fig. 27 at a relatwely;

larger scale.

Figs. 29 to 32 show esseemted mdmdual seetronal views .
taken along the lines XXIX—XXIX to XXXH—-XXXII e

of Fig. 27, respectively. . | CT
Like parts are referred to by the same referenee-
numerals throughout the drawings. . )
Referring to the drawings, Fig. 1 shows a fuel 1n1ec-{f |
tion pump designed for a four—cyhnder internal eombus-ﬁff
tion engine. |

pump plunger 42 arranged therebetween. The latter is. -
slidably arranged within a. pump barrel. 43 which is
snugly fitting in a bore of an upper pertren 44 of the
pump heusmg The upper portion of the pu

valve 47, the members of this system being urged by com-

‘pression springs 48 and 49 so as to bear against one -
The compression spring 48 is selected so as.
the action of the compression spring 49. =
It bears against a closure means 50 threadedly engaged

another.
to overwhelm

with the upper portion 44 of the pump housing, the clo-

sure means 5@ serving also for ﬁxmg the IIlIltUnl pesrtmn'f.. e

like sectlonal view ef anether embodl-_- -

bustion. engrnes 1s.pletted against.

irnpreved embodiment of the fuel 1n]eetlen pump shewn o '

The fuel injection pump-.is provided with-
a supply means 40 and a delivery means 41 and has a.

p barrel.
43 1s formed so as to serve as the seat of a compression: .
‘valve means functioning as a back pressure valve and -
consisting of a system of a ball valve 46 and a check
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of the pump barrel 43 and the upper portion 44 of the

pump housing. The compression spring 49 bears against
the bottom of a bore 51 of the pump barrel 43. Being
Iess strong than the compression spring 48 1t serves only
for steadily maintaining the contacting relationship be-
tween the ball valve 46 and the check valve 47. The
check VB.IVE: 47 is slidably fitting in a bore 52 of the
closure means 50 which forms the gnide means thereof,
both valves 46 and 47 forming together the compression
valve means 46, 47 inserted between the pump plunger
42 and the delivery means 41. The head member of
the check wvalve 47 of the compression valve means 46,
47 is referred to by reference numeral 53 and adapted
to throttle the flow of fuel through the guide means 52.

The fuel is .introduced from the supply means 40
through . a throttle slider 54 rotatably arranged In a
cylindrical member 55 and connectable to a not repre-
sented check valve arranged in the suction line of an
internal combustion engine. From the throttle shder
54 the fuel flows into an oil gallery 56 and therefrom
into an annular distribution chamber 57 which communi-
cates by means of radial passages 58 with the interior
59 of the pump barrel 43. The fuel is discharged to-
wards the delivery means 41 through passages 60 formed
m the closure means S50. |

The top portion 44 of the pump housing has a bottom
portion 61 fixed tc it which serves as a support of a cam
shaft 62. A cam means 63 supported by the cam shaft
62 serves for positively displacing the pump plunger 42
towards. the delivery means 41 upon rotation of the cam
- shaft 62.

The driving connection between the cam means 63 and
the pump plunger 42 comprises tappet means comprising
a cylindrical sleeve member 64 of which is slidably ar-
ranged in a bore. of the bottom portion 61 of the pump
housing, the angular position of the tappet means being
fixed by a screw member 65 the head 66 of which engages
with an axial slot of the sleeve member 64. The axial
position of the screw member 65 is locked by a bolt
means 67 .supported by the bottom portion 61 of the
pump housing. A roller 68 supported by the sleeve mem-
ber 64 is in operational engagement with the cam means
63, the sleeve member 64 proper being In threaded en-
gagement with a screw threaded abutment means 69. A
compression spring 70 urges the pump plunger 42 to bear
against the abutment means 69.

The cam means 63 comprising a suction portwn o
associated with supplying an amount of fuel from the
supply means 40 and a pression portion 8 associated with
displacing an amount of fuel to the delivery means 41.
Both portions « and 8 are separated from one another
by a bottom portion v of constant radius.

Brackets 71 and 72 serve for fixing the fuel injection
pump on the cylinder block of an internal combustion
engine. -

- With the represented embodiment the reduction of
the fuel pressure prevailing in the delivery means 41 is,
according to a further feature of the present invention,
~effected by retarding the cut-off motion of the compres-
sion valve means 46, 47 which is enabled to return to
its seat 45 only when the pressure prevailing therebelow
relaxes. This occurs only with the return motion of the

pump plunger 42, i. e., during its displacement towards

the supply means 40. As the pressure prevailing below

the compression valve means 46, 47 relaxes the fuel ¢

amount being present thereabove is allowed to flow back.

This flowing back of fuel towards the supply means 4¢

lasts till the returning compression valve means 46, 47
again closes, by means of its head member 53, arranged
within the passage in the valve guide means 52. Obvi-

ously, the return motion of the compression valve means
46, 47 and thereby the period of delay of its cut-off

motion is affected by the flowing fuel and depends on the

extreme positions of the head member 53 with respect.

to the guide means 52. Thus, also the reduction of the

10

pressure prevaﬂmg m tha delwery means 41 is deter-
mined thereby.

Adjustment of the period of delay of the compression
valve means 46, 47 and thereby of the reduction of the

fuel pressure prevailing in the delivery means 41 is ren-
dered possible by control means adapted to shift the

axial position of the guide means 52 and thereby the ex-
treme position of the head member 53 with respect there-
te. With the represented embodiment this control means
consists of annular inserts 73 accommodated between

‘the pump barre] 43 and the closure means 50. The num-

ber as well as the thickness of the annular inserts 73 are

- selected so as to adjust the extreme positions of the head

15

20

member 53 with respect to the guide means 52 to the

desired value. |
By increasing the thlckness of the stack of the annular

inserts 73 the extreme positions of the head member
53 with respect to the guide means 52 become shifted so
as to result in an increased delay in the cut-off motion
of the compression valve means 46, 47 and thereby an
increased reduction in the pressure prevailing in the de-
livery means 41. The fuel delivery is decreased thereby
since a larger portion thereof than formerly is needed for

~ filling up the delivery means 41 so as to create the in-

25
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ternal combustion engine.

jection pressure therein.

If, however, the thickness of the stack of the annular
inserts 73 is decreased, the conditions are reversed: delay
and reduction become less so that in consequence of the
decrease of the fuel amount needed for filling up the
delivery means 41 so as to create the injection pressure
therein the fuel delivery increases.

In operation, the extreme positions of the head mem-
ber 53 are adjusted in the above described manner so
as to correspond to the desired fuel delivery. The sup-
ply means 40 is connected fo a feed pump (not shawn)
whereas the delivery means 41 1s connected to an in-
jection valve (not shown) of the fuel system of the in-
The cam means 62 is in
driving connection with the internal combustion engine
through gear means (not shown). With the pump
plunger 42 travelling towards its bottom extreme posi-
tion, an amount of fuel is introduced through the sup-
ply means 40 so as to be discharged when the pump
plunger 42 travels in the opposite direction, through the
compression valve means 46, 47 into the 1njection valve
(not shown). The ball valve means 46 is lifted thereby
from 1its seat 45 and the head member 53 emerges from
the valve guide means 52 so as to open the passage
within the valve guide means 52 for the flow of fuel.
As soon as the pump plunger 42 has reached its top
extreme position, 1. e. has performed its compression
stroke, the pressure prevailing below the compression
valve means 46, 47 reduces and thus the overwhelming

~ action ‘of the compression spring 48 urges the compres-

h
h

€0

70
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‘sion valve means 46, 47 to return to its seat 45. As

long as the pump plunger 42 stays In its top extreme
position, the compression valve means 46, 47 may return
to its seat 45 only if a corresponding amount of the
fuel withdraws from below the head member 53 towards
the delivery means 41 and thereby clears the space
needed by the head member 53 within the valve guide
means 52. Meanwhile the pump plunger 42 starts with
its suction stroke so that a depression is created there-
above that promotes the back flow of the fuel from
the delivery means 41 towards the supply means 40.
The time at which the passage of fuel through valve
guide means 52 is cut off depends on the extreme posi-
tions of the head member 53 with respect to the valve
guide means 52.

If the head member 53 is arranged within the valve
guide means 52 with a close sliding fit the passage there-
through is closed when the bottom edge 75 of the head

member S3 is in flushed relationship with the bottom
surface 76 of the closure means 50. In such cases the
volume of _the fuel corresponding to the reduction of
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the pressiire prevaﬂlng in the delivery means 41 equals

the volume difference between the initial and final volume
values of the work chamber. |

If, in contradistinction, the head member 53 is ar-
ranged in the valve guide means 52 in space relationship
thereto, the return motion of the compression valve

means 46 and the head member 53 after the edge 75

of head member 53 has been flush with the bottom
surface 76, causes but a throttling rather than a shutting

whereby the shut-off motion of the compression valve
means 46, 47 is delayed less than was the case with the
previously described close sliding fit of the head mem-
ber 53. Thus, if the pump plunger 42 reaches its bottom
extreme position, according to the extreme position of
the head member 53 with respect to the valve guide
means 352 more or less fuel will have been returned
~from the delivery means 41 below the valve means 46,
- 47. In consequence hereof, with the next compression
stroke more or less fuel is needed to fill up the delivery
means -41 to reach the value of the injection pressure
“and also the fuel delivery corresponds thereto. More-

over, by such an arrangement the fuel delivery is rendered

dependent on the speed of the internal combustion engine
as will hereinafter be described in closer details.

Should the fuel delivery associated with the full load
oi the internal combustion engine be altered, the closure
means SO will be screwed out from the upper portion
41 of the pump housing so as o have the annular inserts
73 rendered accessible. By increasing or decreasing the
thickness of the stack of the annular inserts 73 the ex-
treme positions of the valve means 46, 47 and in par-
ticular of the head member 53 will be varied with re-
spect to the valve guide means 52. By varying the
extreme position of valve means 46, 47 the throttling
effect of valve means 46, 47 occurs earlier or later dur-
ing the valve operation. In other words, the portion
of the length of stroke of the head member 53 associ-
ated with the valve guide means 52 becomes longer or
shorter whereby the opening and closing path length
of the compression valve means 46, 47 is rendered longer
and shorter, respectively, and the shut-off motion there-
of more or less retarded, and vice versa. The new set-
ting of the compression valve means 46, 47 entails also
an alteration of the reduction of the pressure prevailing
in the delivery means 41 whereby the fuel delivery as-
sociated with the full load of the internal combustion
engine will be decreased or increased in the desn:'ed
manner.

Figs. 2 to 4 illustrate a modification of the compres-
sion valve means of Fig. 1 wherein the head member
15 a fiat disk performing the same function as the head
member 53 of the previous embodiment.
resented embodiment the pump plunger 42 is formed
as a hollow body having a chamber 78 adapted to be
closed by a suction valve means 77. Thus, the work
chamber 74 of the fuel injection pump is enclosed to-
wards the supply means 49 by the suction valve means
77 and towards the delivery means 41 by the compres-
sion valve means 53. An extension spring 79 anchored
to the bottom of the chamber 78 urges the suction valve
means 77 to occupy its closing position. The pump
plunger 42 1s provided with passages 80 adapted to
register with the supply passages 58 by means of which
the chamber 78 is communicable with the supply means
49 for recetving an amount of fuel therefrom. The suc-
tion valve means 77 is arranged to control the flow of
fuel in 1its passage from the chamber 78 of the pump
plunger 42 to the work chamber 74 of the fuel injection
pump. |
- With the represented embodiment the fuel injection
pump 18 arranged to be associated with a four cylinder
Internal combustion engine. Thus, the cam means 63

i1s subdivided into sections each comprising a suction

portion « associated with supplying an amount of fuel

off of the passage within the valve guide means 52 10
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With the rep-
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vided with pins 82 fixed therein by location fit.

. 6

from. the supply means 40 and a compression: portion £
associated with displacing an amount of fuel into the
adjacent delivery means 41, the compression portion 8
being separated from the suction portion « by a Bottom
portion . In order to retard the shut-off motion of
the compression valve means 53 and thereby to reduce
the pressure prevailing in the delivery means 41 control

means are provided to adjust the extreme positions of
the pump plunger 42 with respect to the pump barrel
43.  This type of adjustment causes. the pump plunger

42 in its extreme position adjacent to the delivery means

41 to bear with the suction valve means 77 against and
hold the compression valve means 53 in a lifted posi-
tion. Thus, the compression valve means 53 is allowed
to return to its seat 45 only during the displacement of
itne pump plunger 42 towards the supply means 40.
This means that the shut-off motion of the compression
valve means is delayed unti]l the suction stroke of the
pump plunger 42 entailing thereby a predetermined re-
duction of the pressure prevaﬂmg in the dehvery means.
41. |

In order to dlsplace the air from the work chamber 78
and to decrease its cylinder clearance the suction valve
means 77 and the compression valve means 53 are pro-
vided with flat bearing surfaces facing one another so
that, in the lifted position of the compression valve means
33, the suction valve means 77 bears with its flat bear-
ing surface against the flat bottom surface of the former
as shown i1n Fig. 2. In order to prevent the suction
valve means 77 from adhering to the compression valve.
means 53 at least one of the bearing surfaces may have:
a slight curvature (not shown). Further adjustment of
the compression reduction. in the delivery means 41 after
the pump plunger 42 has occupied its top extreme posi-
tion may be obtained in compliance with a still further
feature of the invention by providing a control means
for adjusting the extreme positions of the pump. plunger
42 with respect to the pump barrel 43. .

With fuel injection pumps having their pump plunger
42 driven by tappet means 64, 69, the adjustment .of
the extreme positions of the pump plunger 42 is ren-
dered possible by applying tappet means of adjustable
axial length. Control means are adapted to be operated
from without and to adjust the axial length of the tap-
pet means and thereby to shift the extreme positions
of the pump plunger 42 with respect to the pump . bar-
rel 43, |

With the represented embodiment the aforementlonedﬁ
control means i1s formed by a pinion 81 coaxially ar-
ranged with the threaded abutment means 69 and pro-
‘The pins
82 engage with normal running fit with bores 83 of the
threaded abutment means 69 whereby rotation of the
pinion 81 entails also a corresponding rotation of the
threaded abutment means 69. The angular position of
the tappet means 64, 69 is fixed by the head 66 of the
screw member 65 so that with rotation of the pinion 81
a mutual rotation of the sleeve 64 and the threaded abut-
ment means 69 shall take place. According to the di-
rectton of this mutual rotation the threaded abutment
means 6% penetrates more or less into the sleeve 64 where-
by also an adjustment of the axial length of the tappet
means 64, 69 is obtained. The angular position of the
pinion 81 is fixed by means of a pin 84 accommodated
within a groove 86 of the bottom portion 61 of the pump
housing. The tooth-like point of the pin 84 is adapted
to engage with the clearings of the pinion 81. Pin 84 is
prevented from falling out by a bolt 85 illustrated in
Fig. 3.

In operation, with the pump plunger 42 tra,velhng down—
wards from its represented top extreme position, i. e. to-
wards the supply means 40, the compression valve means -
53 is allowed to return to its seat 45. When the pump
plunger is moving upwards, the compression valve means
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53 becomes lifted from its seat 45 under the action of
the increasing fuel pressure prevailing in the work cham-
ber 74 and stays lifted as long as the fuel injection 1is
carried out. Normally valve means 53 would immedi-
ately return to its seat 45, however, the pump plunger
42 has been moved to its top extreme position in which
the normally closed suction valve means 77 bears against
the compression valve means 53 from below whereby
the latter is retained in its lifted position. -By suction
valve means 77 bearing against valve means 53 the work
chamber 78 of the fuel injection pump becomes thor-
oughly evacuated. The cylinder clearance of the work
chamber 78 comprises the slack of the suction valve
means 77 within the pump barrel 43 and the slight space
between the slightly curved facing surfaces of the valve
means 83 and 77.

Thus, the full delivery of the fuel injection pump 1is
determined by the extent to which valve means 53 is
lifted. The greater this lift, the more the fuel pressure
prevailing in the delivery means 41 is reduced during
displacement of the pump plunger 42 towards the sup-
ply means 40 and the more fuel is needed for filling up
the delivery means 41 to obtain the pressure value at
which the injection takes place. |

If the pressure reduction and consequently the lift of
the pressure valve means 53 is to be altered the bolt 85
will be disengased with the pin 84 and the latter removed
whereupon the pinion 81 will, by means of a suitable
tool, e. g. a screw driver, put through the bore 86, be ro-
tated in the desired direction. The threaded abutment
means 69 will be rotated by pins 82 and also the sleeve
64 threaded to abutment means 69. In dependence on
the direction of this mutual rotation the axial length of
the tappet means 64, 69 is rendered shorter or longer.
Obviously, the alteration of the axial length of the tap-
pet means 64, 69 entails also a corresponding alteration
of the extent to which the compression valve means 53
is lifted and thereby an alteration of the reduction of the
fuel pressure prevailing in the delivery means 41 dur-
ing displacement of the pump plunger 42 towards the
supply means 40. With the new value of the pressure
reduction . the full delivery of the fuel injection pump
i. e. its fuel delivery associated with the full load of the
internal combustion engine is adjusted to the desired value.

The fuel injection pumps hitherto known are also at-
fected with the considerable drawback that the fuel de-
livery decreases with lowering of the number of revolu-
tions and thus the internal combustion engines provided
with such fuel injection pumps offer small torques at
low number of revolutions. This is disadvantageous par-
ticularly with vehicle engines where at starting and accel-
erating greater torques would be desirable. Afttempts
have been made to construct fuel injection pumps in
which the fuel delivery associated with the full load of
the engines is constant and independent from the engine
speeds. The result of such endeavours has, however,
been not wholly satisfactory since the fuel delivery and
thereby also the torque of the engines decreases with the
lowering of the number of revolutions even with the
latest types of such fuel injection pumps.

The above described adjustment of the fuel delivery
of the fuel injection pump by means of adjustably re-
ducing the pressure prevailing in the delivery means offers
the advantage of a simple possibility of having the fuel
delivery associated with full loads rendered adjustable
in dependance on the number of revolutions in such a
manner that in the area of lower speeds of the internal
combustion engines an increased amount of fuel 1s sup-
~ plied and the torque of the engines increased. This sys-
tem is in accordance with fuel injection pumps in which
the fuel delivery associated with partial loads is adjusted
by means of throttling and an increasing amount of fuel

is delivered with lowering speeds.

‘The conditions are illustrated in Fig. 5 in which the
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number n of revolutions are plotted versus the respective
torques M. The curve a of solid line represents the
alteration of the torque M of internal combustion engines
provided with known injection pumps at various num-
bers n of revolutions. OQObviously, in the area of low
speeds, about below the value 7y, the torque M decreases
towards the low numbers n of revolutions. The curve b
of dotted lines represents the mutual behaviour of the
torque M and the number n of revolutions in case of
known fuel injection pumps designed in the above de-
scribed manner to deliver a constant amount of fuel
independently from the speed of the engine. As is obvious
from the diagram, the curve b also drops though slightly
towards the area of low speeds. The curve ¢ of dot-
dash lines represents the dependance of the torque M on

~ the number n of revolutions in case of the fuel injection

pumps of the present invention. As is clear from the
diagram the torque is greater the lower the speed of
the engine.

This favourable feature of the new fuel injection pumps
is obtained by having the pressure prevailing in the work
chamber of the fuel injection pump controlled by at
least one throttle valve means. This feature is particularly
significant in case of vehicle engines where the pressure
regulation in compliance with the present invention offers
the possibility of a relatively greater torque at starting and
thereby an increased acceleration of the vehicle. Having
the adjustment of the fuel delivery rendered dependant
on the speed work conditions and loads of the engine re-
sults in considerable fuel savings since with increasing
speed the fuel delivery decreases. That is a further ad-
vantageous feature of the present invention,

By reducing the pressure prevailing in the delivery
means 41 by delaying the shut-off motion of the com-
pression valve means 46, 47 (provided with a head mem-
ber 53 for throttling the passage of fuel through a valve
guide means 52), as represented in Fig. 1, the adjust-
ment of the full delivery of the fuel injection pump can
be rendered dependant on the speed of the internal com-
Lustion engine. In compliance with a further feature of
the invention, head member 53 may be formed so as to
be in spaced relationship with respect to the valve guide
means 52.

Such an embodiment of the new fuel injection pump
is shown in Figs. 6 to 13. This embodiment corresponds
in every detail to that illustrated in Fig. 1, however, with
the difference that the head member 53 is, in compliance
with the feature of the invention just discussed, 1n spaced
relationship with respect to the valve guide means 32
by an interstice 87 as is clear particularly from Fig. 10,

- The fuel delivery is rendered dependant on the speed
of the engine as follows:

in the operational position shown in Figs. 6 and 7 the
roller 68 of the tappet means (not shown) occupies a
position at the beginning of the suction portion « of the
cam means 63 rotating in the direction of an arrow 88.
The pump plunger has, in the direction of an arrow 89,
arrived in its top extreme position. The fuel 1s thereby
displaced first in the direction of an arrow 90 into the
bore 51 and therefrom by means of lifting the compres-
sion valve means 40, 47 from its seat 45 through the
free passage of the valve guide means 52 discharged
into the delivery means 41 and injected. Thereafter,
the fuel ceases to flow in the direction of the arrow 90
and the pressure prevailing in the compression valve means
46, 47 becomes relieved so that the compression valve
means 46, 47 is urged by the compression spring 48 to
return in the direction of an arrow 91 to 1iis seat 45,
For the time being, however, the pump plunger stays in its
top extreme position so that the compression valve means
46, 47 is allowed to approach its seat 45 only to an
extent to which the fuel present below the head member

53 withdraws through the annular interstice 87 into the

delivery means 41. The greater the annular interstice
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87 and the stronger the compression spring 48 the greater

is the rate of both the flow of fuel through the former

and, consequently the cut-off or shut-off motion of the
compression valve means 46, 47.
With further rotation of the cam means 63 in the direc-

tion of the arrow 88 the roller 68 arrives on the suction
portion. « of the cam surface, as is represented in Fig. 9,

whereby the pump plunger 42 starts moving downwards
in the direction of an arrow 92. A depression is created
thereby within the work chamber 78 causing the fuel
to flow back from the delivery means 41 through the an-
nular interstice 87 in the direction of an arrow 93. Upon
the withdrawal of the fuel into the work chamber 78 the
action of the compression spring 48 becomes gradually
prepondering and urges the compression valve means
46, 47 with increasing force to return to its seat 45. The

10

15

head member 53 arrives thereby in the valve guide means

52 so that the passage for the reflowing fuel becomes .

more effectively throttled. |

Figs. 10 and 11 illustrate an operational position where-
in the roller 68 is running on the bottom poriton v of
constant radius of the cam means 63 and the pump

plunger 42 occupies its bottom extreme position whereby -

the supply channels 58 are set free for the admission of
fuel.. Meanwhile the compression valve means 46, 47
has reached its seat 45 and interrupted the flow of fuel
from the delivery means 41 to the work chamber 78. A
new amount of fuel is now supplied from the supply means
40 in the direction of an arrow 94 through the radial pas-

sages 58 to the work chamber 78.
When the cam means $3 has been rotated in the dlI‘BC-

tion of the arrow 88 so far that the roller 68 arrives on
the compression portion g of the cam surface as repre-
sented in Fig. 13, the pump plunger 42 starts with i1ts
upward stroke in the direction of an arrow 95 as is 1llus-

trated in Fig. 12.
the pump plunger 42 and the pressure of the fuel staying

in the work chamber 78 increases. When the pressure
of the fuel has been increased so as to overwhelm the
action of the compression spring 48 with the aid of the
compression spring 49, valve means 46, 47 is lifted from
its seat 45 in the direction of an arrow 96 and the passage
in the valve guide means 52 opened for the passage of
fuel. The fuel now flows in the direction of arrows 97
from the work chamber 78 through the bores 51 and 52 to
the delivery means 41 where the fuel pressure rapidly
increases and entails the fuel injection in a manner known
per se.

After the m]ectlon has taken place, the operational
position illustrated in Figs. 6 and 7 is resumed wherein
the fuel is moving in the direction of the arrow 9¢ and

valve means 46, 47, is displaced in the direction of the

arrow 91.

With greater speeds of the cam shaft 62 and, conse-
quently, of the internal combustion engine there is little
time for pressure compensation through the annular in-

The radial passages 58 are closed by
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below the head member 53 to the delivery means 41.
The fuel rather withdraws in the direction of the arrows
93 into the work chamber 78 when the pump plunger 42
is displaced downwards in the direction of the arrow 92
as is represented in Fig. 8. Consequently, a relatively
lesser amount of fuel is retained in the delivery means
41 whereby also the pressure prevailing therein becomes
reduced. With the next compression stroke of the pump
plunger 42 in the direction of the arrow 95 various

amounts of fuel will, according to the value of the pres-

sure prevailing in the delivery means 41 after the injec-
tion having taken place, be discharged in the direction
of arrows 97 in the manner shown mm Fig. 12. After
raising their pressure to the value needed for injection
they are supplied to the combustion chamber of the In-
terndl combustion engine. |
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If, 1n contradistinction, the cam shaft 62 is running
with a lesser speed, i. e. the pump plunger 42 performs:
slow movements, there is ample time for the compression
spring 48 to shift the valve means 46, 47 in the direction
of the arrow 91 towards the delivery means 41 during
displacement of the fuel from below the head member 53
through the annular interstice 87 to the delivery means 41
and to cut off the passage of the fuel before a consider-
able displacement of the pump plunger 42 in the direction
of the arrow 92 takes place. Thereby a depression is
established within the work chamber 78, Consequently,
relatively more fuel flows over through the annular inter-
stice 87 to the delivery means 41 whereby the amount
of fuel injected to the internal combustion engine ob-.
viously increases since the newly supplied amount of
fuel is added to a relatively larger amount of fuel left
behind with the previous compression stroke. Thus, the
fuel delivery and thereby also the torque of the internal
combustion engine increases with lowering speeds whereby
the mutual behaviour of torque and number of revolutions
becomes similar to that represented in Fig. 5 by the
curve c.

With the embodlment represenied in F1gs 2 to 4 the
fuel delivery of the fuel injection pump associated with
the full load of the internal combustion engine can be
rendered dependant on the speed by forming the com-
pression portion B, according to a further feature of the
invention, so as to consist of an injection portion B, asso-
ciated with discharging an amount of fuel and a regula-
tion portion By previous to the injection portion g,, the
pitch g’; of the regulation portion B; being in radial
direction less than the pitch g’ of the injecticn por-
tion ﬁz

With the operational position illusirated in Fig. 2 of
this embodiment the roller 68 occupies a position at the
beginning of the suction portion « so that the pump .
plunger 42 with the suction valve means 77 occupies its.
top extreme positicn wherein the pump plunger 42 bears
with the suction valve means 77 against the compression

-valve means 53 and retains the latter in a lifted position.

As to the delivery means 41, for the time being, the pres-
sure of injection is prevailing therein which effects the

~discharge of fuel from the delivery means 41 in the direc-

tion of the arrows 97. With the injection effecied the
pressure is setting to a lesser value dependant on the
force needed for opening the injection valve (not shown).

The operational position corresponding to further ro-
tation of the cam shaft 62 in the direction of the arrow
88 i1s illustrated in Figs. 14 and 15. The roller 68 is
running o¢n the suction portmn of the cam surface so
that the pump plunger 42 is displaced in the direction of
the arrow 92 towards the supply means 48. Thereby the
compression spring 48 urges the compression valve means
53 to partake in this downwards movement till it strikes
against its seat 45, - |

At the extremity of the suction portion « the pump
plunger 42 apprcaches its boitom exireme positicn, as
shown in Figs. 16 and 17, in which the compression valve
means 33 and the suction valve means 77 are already
separated from one another sc that a depress:tm 1s created
1n the work chamber 74.

Thereafter the reller first comes to run on the bottom
portion v of constant radius corresponding to the bottom |
extreme position of the pump plunger 42, as is shown in
Figs. 18 and 19. The supply passages 38 are now in
flushed relationship with the passages 89 so that the
chamber 78 of the pump plunger 42 is being filled up by
the fuel supplied in the direction of arrows 98. The
common action of the pressure prevailing in the chamber -
78 and the depression prevailing in the work chamber 74
overwhelms the closing action of the extension spring 79
so that the suction valve means 77 leaves its closing posi-
tion at the top rim of the pump: plunger 42 and allows
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the fuel to flow over in the direction of arrows 22 from
the chamber 78 into the work chamber 74.

Meanwhile the roller 68 arrives, as shown in Figs. 20
and 21, onto the regulation portion 8; whereby the pump
plunger 42 slowly departs from its bottom extreme posi-
tion in the direction of an arrow 100. The overflowing
of the fuel from the chamber 78 into the work chamber
74 is stil] going on thereby though the pressure prevail-
ing in the latter is already increasing and the suction valve
means 77 is, in consequence of the decreasing difierence
between the pressures prevailing in the chambers 74 and
78, respectively, being displaced by the extensicn spring
79 so as to resume its closing position at the top rim
of the pump plunger 42.

With the roller 68 having arrived at the injection por-
tion 8s shown in Figs. 22 and 23 the suction valve means
77 has again resumed its closing pesiticn so that the pres-
" sure prevailing in the work chamber 74 rapidly increases.
In consequence hereof the compression valve means 33
becomes displaced from its seat 45 and an amount of
fuel flows from the work chamber 74 in the direction of
arrows 101 to the delivery means 41. The fuel injection
takes place as soon as the pressure prevailing in the de-
livery means 41 reaches the needed value.

At the end of the injection portion B, the roller 68
stands anew at the beginning of the suction portion «,
as is illustrated in Fig. 2, whereby the above described
cycle starts again.

Obviously, by the insertion of the regulation portion
8, the fuel delivery is rendered dependent on the speed
in the desired manner. Namely, with the cam shaft 62
rotating slowly the work chamber 74 is already filled up
with fuel when the roller 68 is still running on the initial
portion of the regulation portion B8; whereby a greater
axial length of the work chamber 74 and, consequently,
an increased fuel delivery is obtained. With low speeds
this corresponds to a greater torque of the motor. In
case of high speeds of the cam shaft 62, in contradistinc-
tion, relatively lesser time is left for having the work
chamber 74 filled up with fuel whereby also the conditions
of throttling are altered so that the suction valve means
77 will be closed towards the extremity of the regulation
portion B, only in consequence whereof the axial length
of the work chamber 74 and thereby the fuel delivery
becomes correspondingly decreased. This, however,
results in lesser torques at higher speeds.

The above described manner of controlling the fuel
delivery so as to have it, at full loads, rendered dependant
on the speed is particularly suitable for fuel injection
pumps provided with the control means 54 for throttling
the supply means 40 so as to adjust the fuel delivery asso-
ciated with partial loads of the internal combustion engine
to a preselected value.

Obviously, the present invention is also suitable for
multiple-action fuel injection pumps which are provided
with a gang of individual pump elements formed, other-
wise, in compliance with any of the previously described
single-action embodiments.
reaction among the work chambers of the individual pump
elements through a common supply means, the formers
and their individual cam means are, in compliance with
a further feature of the present invention, mutually ar-
ranged so as to separate the time period of supplying an
amount of fuel to one of the work chambers from the
time periods of supplying amounts of fuel to the remainder
thereof.

If e. g. a number of n pump elements is ganged and
their individual cam means comprise each an individual
suction portion and an individual compression portion,
as has been described with reference to e. g. Fig. 4, the

aforesaid separation of the time periods of supplying
fuel to the various work chambers can, in compliance
with a further feature of the invention, be effected by

adding individual delaying portions to each of the indi-

In order to prevent pressure.
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vidual compression portions. The individual suction

portions are staggered to extend with respect to a common
cam shaft by a central angle having a value of maximum

1 3600

n
each of the individual cam means being arranged on the
common cam shaft so as to have the individual suction
portions rendered mutually staggered by at least the afore-
said value of their central angle.

Such an embodiment of the present invention 1s repre-
sented in Figs. 24 and 25. Fig. 24 shows the fuel injec-
tion pump to comprise four individual pump elements so
that n equals four. Their common supply means 40 is
controlled by means of throttling whereas each of the
individual pump elements is associated with an indi-
vidual delivery means 41! to 41V, Each of the indi-
vidual pump elements is provided with an individual
compression valve means 53 to 531V and an individual
suction valve means 77 to 773V as was the case with the
above described single-action fuel injection pumps shown
in Figs. 2 to 4 and 14 to 23, respectively, and is operated
by individual cam means 63! to 63V arranged on a com-
mon cam shaft 62. | |

The form and the mutual arrangement of the cam
means 631 to 63V 1s illustrated 1n Fig. 25. The cam sur-
face of each of the individual cam means comprises an
individual suction portion «f to «IV associated with intro-
ducing an amount of fuel from the common supply means
40 into the individual work chambers, e. g. into the work
chamber 743 or 75V and an individual compression
portion Bf to IV adjacent to the individual suction portions
aX to «IV and associated each with displacing an amount
of fuel from the individual work chambers, e. g. the in-
dividual work chamber 74V, into the individual delivery
means 411 to 41 1V,

For preventing communication between the common
supply means 46 and the individual work chambers, ¢. g.
the work chamber 74V, individual delaying portions ek
to ¢V may be added each to one of the individual com-
pression portions g to gV, respectively, the central angles
associated with the individual suction portions al to «iV
with respect to the common cam shaft 62 may have the
maximum value of

] o__ O
2-360 =90

If thev are mutually staggered by an angle of this value
the time periods of the suction performances are sepa-
rated from one another since there are no overlappings
of the suction portions «f to «IV., It means that the
suction portions o to «IV could extend each up to an
amount of 90° of their central angles without the suction

:performances of the individual pump elements being

overlapped.

With the represented embodiment, however, the size
of the suction portions « is selected so as to extend to a
value less than

1 3600
7e

in which case the suction performances in the individual
pump elements are not even adjacent to one another. In
this case the central angles of the amount of

1 o ___ o
1-360 =30

are, In compliance with a further feature of the inven-
tion, associated also with the compression portions St
to BV of the cam surface, 1. e. the adjacent individual
suction . portions «! to «!V and the individual com-
pression portions B! to BIV, respectively, are selected so as
to extend with respect to the common cam shaft 62 by
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a common central angle having a value of maximum
90° which corresponds to the general value of-

1,360
7e

The individual cam means 63T to 631V are arranged on

the common cam shaft 62 so as to have the adjacent in-
dividual suction portions ol to «IV and the individual com-
pression portion gl to g1V, respectively, rendered mutually
staggered by the aforesaid value of their common central
angle. The illustrated embodiment differs from the em-
bodiment shown in Figs. 2 to 4 and 13 to 23 in that there
are no bottom portions v of constant radius since the indi-
vidual compression portions gI to IV follow immediately
on the associated individual suction portions «f to otV
as referred to above. Otherwise the individual pump ele-
ments are formed in accordance therewith so that the
compression portions B! to pIV consist, as is shown in
Fig. 24, of individual regulation portions 8% to 8V and
individual injection portions 85I to B4V, respectively.
Moreover, as is shown in Fig. 25, the individual re-
tardation portions €l to !V comprise, in compliance with
a further feature of the present invention, each a relief
portion for displacing the individual pump plungers 42T
to 421V towards the common supply means 40 for
reducing the pressure exerted by the formers on the
individual cam means 63! to 631V so as to decrease their
load associated with the remainder of the individual re-
tardation portions € to €V,

portion ¢! to ¢!V and a transition portion e! to eIV,
respectively. The relief portions ¢! to IV follow thereby
Immedlately upon the associated injection portions Bt
to B,V as is in accordance with the principle of opera-
tion of the new individual pump elements since such an
arrangement results, i compliance with the main fea-
ture of the invention, directly in reducing the pressure
prevailing in the delivery means 41 to 411V during dis-
placement of the individual pump plungers 42T to 421V
towards the common supply means 40.

The transition portions e! to &'V are, with the rep-
resented embodiment, formed so as to have the course
of a spiral. They could, however, be also formed so
as to have a shorter initial portion with rapidly falling
radius and an adjacent Ionger final portion of constant
radius, the latter ‘already corresponding to the position
of the individual pump plungers 421 to 421V at the begin-
ning of the individual suction portions «I to «IV. In
both cases the transition portions e! to e!V serve also
for increasing the relief of the drive means of the in-
dividual pump elements since they allow the individual
pump plungers 421 to 421V to be further displaced to-

wards the common supply means 40 and thereby to-

relieve components like springs provided for causing the
individual pump plungers 42T to 421V to resume their

bottom extreme position, and the bearing of the individual -

rollers 68 to 681V,
Obviously, with the hitherto described single-action and

multiple-action fuel injection pumps the adjustment of

the fuel delivery is feasible out of operation only. Thus,
their setting, particularly that of the multiple-action type
reqmres eventually repeated stoppings and restartings of
the engine so as to ascertain whether the ad]ustment was
appropriate.

The drawback of such cumbersome methods of adjust-
ment has also been eliminated by the present invention
in that fuel injection pumps particularly of the multiple-
action type having individual tappet means of adjustable

axial length for operating each another of individual

pump plungers and a control system comprising individ-
nal control means each associated with one of individual

pump elements and adapted to adjust the axial length
of the individual tappet means, as has been described
by taking reference to Figs. 2 to 4 may, in compliance
with a further feature of the present invention, be pro-

Accordingly, the delaying
portions e to ¢!V are subdivided each into the said relief

o

10

20

25

30

35

40

45

50

55

60

G

70

14

vided with common control means for selectively operat-
ing the individual control means from without. The
former may consist of common .gearing means whereas
the individual control means preferably consist of in-
dividual gearing means each associated with one of the
individual tappet means, and individual tooth means
supported by the common gearing means and adapted
to be selectwely engaged with the individual gearing
means. -

~ Such an embodiment of the present invention is rep-

resented in Figs, 26 to 32. As is obvious from Fig. 26,

this embodiment corresponds in principle to that shown
in Figs. 2 to 4 apart from being a multiple-action instead
of a single-action type since it is designed to be asso-
ciated with a four cylinder internal combustion engine.
Accordingly, the fuel injection pump comprises four in-
dividual pump elements the axial sectional view of which
is shown in Fig. 26. For the individual gearing mieans
the individual pump elements are likewisely provided
with pinions 81! to 81V with the components engaging
therewith each associated with one of the individual
tappet means and adapted to adjust the axial length
thereof. The common gearing means is formed by a
common tocthed rack means 102 adapted to be operated
from without, individual tooth means being arranged on
the common toothed rack means so as to be capable of
being selectively engaged with the individual gearing
means. Therefore, the common toothed rack means 102
is, in compliance with a further feature of the invention,
arranged rotatably about its axia] centre-line 103, the
tooth means forming two individual groups of teeth
1041 to 1041V and 1051 to 1051V, respectively, supported
in fixed mutual relationship by the common toothed rack
means 102 along the periphery thereof. The first indi-
vidual groups of teeth 104! to 1041V are supported by
the common. toothed rack means 102 in mutually aligned
axial relationship whereas the second individual groups of
teeth 1051 to 1051V are supported by the common toothed
rack means 102 in mutually staggered axial relationship
as is particularly obvious from Figs. 29 to 32. The ele-
ments of the first individual groups of teeth 104 and
1051 form pairwisely a continuous shoulder though they
might be formed so as to be discontinuous as well. Ob-
viously, the first individual groups of teeth 104 to 1041V
are adapted to be simultaneously engaged with the In-
dividual pinions 811 to 811V whereas the second individ-
ual groups of teeth 105! to 1051V are adapted to be
selectively engaged therewith upon rotation of the com-
mon toothed rack means 102.

It 1s, however, advantageous, in compliance with an-.
other feature of the present invention, to form the com-
mon control means so that it arrest, besides selectively
operating the individual control means, the non-selected
ones against unintentional adjustment. To this purpose
the represented embodiment is provided, besides the pre-
viously described or first common toothed rack means
102, with a rotatable further or second common toothed
rack means 106 arranged so as to be opposite to the
first common toothed rack means 102 with respect to
the individual pinions 81! to 81V and provided with third
individual groups of teeth 107 to 1671V as well as
108 and 1068, The first and second individual groups
of teeth 194! to 104IV and 105! to 1851V and the third
individual groups of teeth 107 to 1071V as well as 1081
and 10811 are in complementary mutual relationship as
regards the first common toothed rack means 102 and
the second common toothéd rack means 106 so as to
have the individual pinions 81! to 811V when being selec-
tively engaged with the first and second individual groups
of teeth 104T to 1041V and 105! to 105V, respectively,
be disengaged with the third individual groups of teeth
1071 to 1071V as well as 1031 and 108! and the non-

~ selected individual pinions 81 to 811V arrested by the

(5]

latters., Thus, each of the pinions 81 to 811V is adapted
to: be engaged either with the first and second individual
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groups of teeth 104 to 104™V and 105! to 1957V, re-

-

§pective1y, of the common. first toothed rack means 102
in the above described manner, or with the third in-

dividual groups of teeth 107f to 107™V as well as 1081

and 108! of the second common toothed rack means
106. The first common toothed rack means 102 and
the second common toothed rack means 106 are con-
nected by a gearing means 109, 110, 111 of a well
known type which is adapted to positively transmit rota-
tional motion from the first common toothed rack means
102 to the second common toothed rack means 106.
Obviously, the third individual groups of teeth 107! to
107"V as well as 108™ and 108! are adapted to be in-
dividually engaged with the individual pinions 81 to
81V upon rotation of the first common toothed rack
means 102, The axial displacement of the latter is
effected by a threaded sleeve 112 which is in threaded
engagement with the wall of the pump housing 44, 61
and causes, upon rotation, the first common toothed rack
means 102 to be axially displaced. Engagement between
both groups of teeth 104! to 104V and 105! to 1051V,
respectively, and the pinions 81T to 81V is adjusted by
rotating the first common toothed rack means 102 about
its longitudinal centre-line 103 by means of a hand op-
erated knob 113.

In operation, if all pinions 81 to 811V are to be simul-
taneously adjusted, the knob 113 is rotated so as to
engage the individual groups of teeth 104 to 104V each
with its associated pinion 81T to 81V, respectively. Si-
multaneously therewith the second common toothed rack
means 106 1s rotated by means of the gearing means
109, 110, 111 so as to have the individual pinions 811
to 811V to be disengaged with all of the individual groups
of teeth 107% to 1071V as well as 108™ and 108*. There-
after, the threaded sleeve 112 is rotated in the suitable
direction till the axial displacement of the first common
toothed rack means 102 reaches the desired value in the
desired direction. Thereupon, the first individual groups
of teeth 104T to 104V are disengaged with the pinions
81! to 81V and their adjusted position is, by means of
the third individual groups of teeth 107 to 107V as
well as 1087 and 108™I, arrested against further adjust-
ment.

If, however, the fuel delivery of but one of the in-
dividual pump elements, e. g. of that associated with
the individual pinion 81XI has to be adjusted, the first
common toothed rack means 102 is rotated so that the
individual group of teeth 105 become engaged with
the individual pinion 81T whereas the remaining pinions
811, 811 and 811V, 1. e. the non-selected ones, be engaged
each with the associated third individual groups of teeth
108, 108X and 108%Y, respectively. Thus, upon axially
displacing the first common toothed rack means 102 by
means of rotating the threaded sleeve 112 in the suitable
direction the pinion 81! is being rotated so as to adjust

the axial length of the associated tappet means in the

desired manner whereas the remaining pinions 81I, 811
and 811V are arrested by means of the third individual
groups of teeth 108, 108 and 1081V against adjustment.

Obviously, the remaining pinions 81I, 81T and 81V
can be selectively or in groups likewisely adjusted, the
pinions nct to be adjusted being, at the same time, ar-
rested against adjustment as has been described in con-
nection with the adjustment of the pinion 811,

What I claim 1is:

1. A fuel injection pump for internal combustion en-
gines of the type described, having a pump barrel, a
pump plunger slidably arranged within said pump barrel,
a work chamber enclosed by said pump barrel and said
pump plunger, supply means for introducing an amount
of fuel to said work chamber, delivery means for re-
ceiving an amount of fuel from said work chamber,
guide means, valve means arranged in said guide means

to control the flow of fuel therethrough in its passage
from said work chamber to said delivery means, and
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control means for varying the length of said guide means
for delaying the valve closing action of said valve means
and thereby reducing the fuel pressure prevailing In
said delivery means during the suction stroke of said
pump plunger so as to adjust the fuel delivery associated
with the full load of the internal combustion engine at
a predetermined number of revolutions thereof to a pre-
selected value.

2. A fuel injection pump for internal combustion en-
gines of the type described, having a pump barrel, a pump
plunger slidably arranged within said pump barrel, a
work chamber enclosed by said pump barrel and said
pump plunger, supply means for introducing an amount

- of fuel to said work chamber, delivery means for re-
15

ceiving an amount of fuel from said work chamber,
guide means, compression valve means arranged in said
guide means to contro! the flow of fuel therethrough
in its passage from said work chamber to said delivery
means, a head member forming a portion of said valve
means adapted to throttle the flow of fuel through said
guide means so as to delay the valve closing action of
said valve means, and control means adapted to shift
the extreme positions of said head member with respect
to said guide means for adjusting the period of delay
of said valve means and thereby reducing the fuel pres-
sure prevailing in said delivery means during the suc-
tion stroke of said pump plunger so as to adjust, in turn,
the fuel delivery associated with the full load of the
internal combustion engine at a predetermined number
of revolutions thereof to a preselected value.

3. A fuel injection pump for internal combustion en-
gines of the type described, having a pump barrel, a
pump plunger slidably arranged within said pump barrel,
a work chamber enclosed by said pump barrel and said
pump plunger, supply means for introducing an amount
of fuel to said work chamber, delivery means for re-
ceiving an amount of fuel from said work chamber,
guide means, compression valve means arranged in said
guide means so as to control the flow of fuel therethrough
in its passage from said work chamber to said delivery
means, a head member forming a portion of said valve
means adapted to throttle the flow of fuel through said
guide means so as to delay the valve closing action of
said valve means, and control means adapted to shift
the axial position of said guide means and thereby the
extreme positions of said head member with respect to
said guide means for adjusting the period of delay of
said valve means and thereby reducing the fuel pressure
prevailing in said delivery means during the suction
stroke of said pump plunger so as to adjust, in turn, the
fuel delivery associated with the full load of the internal
combustion engine at a predetermined number of revolu-
tions thereof to a preselected value.

4. A fuel injection pump for internal combustion en-
gines of the type described, having a pump barrel, a pump
plunger slidably arranged within said pump barrel, a work
chamber enclosed by said pump barrel and said pump
plunger, supply means for introducing an amount of fuel
to said work chamber, delivery means for receiving an
amount of fuel from said work chamber, guigie means,
compression valve means arranged in said guide means
to control the flow of fuel therethrough in its passage
from said work chamber to said delivery means, a head
member forming a portion of said valve means adapted
to throttle the flow of fuel through said guide means to
delay the valve closing action of said valve means, and
control means adapted to shift the extreme positions of
said head member with respect to said guide means for
adjusting the period of delay of said valve means and
thereby reducing the fuel pressure prevailing in said de-
livery means during the suction stroke of said pump
plunger so as to adjust, in turn, the fuel delivery of the
fuel injection pump associated with the full load of the
internal combustion engine at a predetermined number
of revolutions thereof to a preselected value, said head
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me_,mber being spaced a predetermined distance from. said:
guide means so. as to have the adjustment of the fuel
delivery rendered dependent cn the speed of the internal
‘combustion engine. | | -
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cause said pump plunger. in its position adjacent fo said
délivery means to bear with said suction valve means
against and hold said compre:sion valve means in a lifted
position for delaying its valve closing action motion and

5. A fuel injection pump for internal combustion en- 5 thereby reducing the fuel pressure prevailing in said de-
gines of the type described, having a pump barrel, a pump livery means during the suction sfroke of said pump
plunger slidably arranged within said pump barrel, a work plunger so as to adjust, in turn, the fuel delivery associ-
chamber enclosed by said pump barrel and said pump  ated with the full load of the internal combustion engine
plunger, supply means for introducing an amount of fuel at a predetermined number of revolutions thereof to a
to said work chamber, delivery means for receiving an 10 preselected value, said suction valve means and said com-
amount of fuel from said work chamber, and control pression valve means being provided with flat bearing
means consisting of compression valve means arranged surfaces facing one another and adapted to displace air
to contro] the flow of fuel in its passage from said work from said work chamber and to decrease its cylinder clear-
chamber to said delivery means, the extreme positions of ance when bearing against one another. |
said pump plunger being shifted with respect to said pump 15 8. A fuel injection pump for internal combustion en-
barrel towards said delivery means to caus¢ said pump  gines of the type described, having a pump barrel, a hol-
plunger in its position adjacent to said delivery means to low pump plunger slidably arranged within said pump
bear against and hold said valve means in a lifted position - barrel and defining a. passageway therethrough, tappet
for delaying its valve closing action and thereby reducing means of adjustable axial length for operating said pump
the fue] pressure prevailing in said delivery means during 20 plunger, a work chamber enclosed by said pump barrel
the suction stroke of said pump plunger so as to adjust and said pump plunger, supply means for introducing an
the fuel delivery associated with the full load of the in- amount of fuel through said passageway to said work
ternal combustion engine at a predetermined number of chamber, delivery means for receiving an amount of fuel
revolutions thereof to a preselected value. | from said work chamber, a chamber within said pump
6. A fuel injection pump for intérnal combustion en- 25 plunger communicable through said- passageway with said
gines of the type described, having a pump barrel, a hol- supply means for receiving an amount of fuel therefrom,
low pump plunger slidably arranged within said pump suction valve means arranged to control the flow of fuel
barrel and defining a passageway therethrough, a work in its passage from said chamber within said pump plunger
chamber enclosed by said pump barrel and said pump to said work chamber, compression valve means arranged
plunger, supply means for introducing an amount of fuel 30 to control the flow of fuel in its passage from said work
to said work chamber, delivery means for recelving an chamber to said delivery means, said suction valve means
amount of fuel from said work chamber, a chamber being arranged to seat on the end of said pump plunger
within said pump plunger communicable through said adjacent said compression valve means to close said pas-
passageway with said supply means for receiving an sageway and to bear against said compression valve
amount of fuel therefrom, suction valve méans arranged 35 means, and control means adapted to be"op_erated' from
so as to control the flow of fuel in its passage from said = without and to adjust the axial length of said tappet means
chamber within said pump plunger to said work chamber, and thereby to shift the extreme positions of said pump
compression valve means arranged to control the flow of plunger with respect to said pump barrel to cause said
fuel in its passage from said work chamber to said de- pump plunger in its position adjacent to said’ delivery
livery means, said suction valve means being arranged to 40 means to bear with-said suction valve means against and
seat on the end of said pump plunger adjacent said com- tiold said compression valve means in a lifted position
- pression valve means to close said passageway and fo for delaying its valve closing action and thereby reducing
bear against said compression valve means, and control the fuel pressure prevailing in said delivery means during
means adapted to adjust the extreme positions of said o suction stroke of said pump plunger so as to adjust, in
pump plunger with respect to said pump barrel to cause ,. turn, the fuel delivery associated with the full load of the
said pump plunger in its position adjacent to said delivery ~ jnternal combustion engine at a predetermined riumber of
means to bear with said suction valve means against and ~avolutions thereof to a preselected value, |
hold said compression valve means in a lifted position "9, A fuel injection pump for internal combustion en-
for delaying its valve closing action motion and thereby gines of the type described, having a pump barrel, 2
reducing the fuel pressure prevailing in said delivery 50 hollow pump plunger slidably arranged within said pump
means during the suction stroke of said pump plunger ' barre] and defining a passageway therethrough, a work
so as to adjust, in turn, the fuel delivery associated with chamber enclosed by said pump barrel and said pump
the full load of the internal combustion engine at a pre- plunger, a cam shaft, cam means supported Dby said
determined number of revolutions thereof to a preselected cam shaft for operating said pump plunger within said
value. . . pump barrel, supply means for introducing an amount
7. A fuel injection pump for internal combustion €n- " of fyue] to said work chamber through said passageway,
gines of the type described, having a pump barrel, a hol- delivery means for receiving an ‘amount of fuel from
low pump plunger slidably arranged within said pumy said work chamber, a chamber within said pump plunger
barrel and defining a passageway the‘rethrough,_ a work commimicable through said passageway with said supply
chamber enclosed by said pump barrel and said pump g0 means for receiving an amount of fuel therefrom, suc-
plinger, supply means for introducing an amount ot fuel VY & " yalve means arranged to control the flow of fuel
to said work chamber, delivery means for receiving an 5 jig pagsage from said chamber within said pump
amount of fuel from said work chamber, a chamber plunger to said work chamber, compression valve means
within said pump plunger communicable thm?g.h _.Smd arranged to control the flow of fuel in its passage from
passageway with said supply means for receiving ai a5 said work chamber to said delivery means, said -suction
amount of fuel therefrom, suction valve means .arranged. % Jalve means being arranged to seat on the end of said
to control the flow of fuel in its passage from said cham- " inger adjacent said compression Valve means
ber within said pump plunger to said work chamber, to close said passageway and to bear against said com-
compression valve means arranged to cfontrol_’lh_e_ flow ot pression valve means, and control means adapted to
fuel in its passage from said work chamber to said deltv- 70 adjust the extreme positions of said pump plunger with
ery means, said suction valve means b“a’.ﬂ.lg”ampdg ed 10 % Lespect to said pump barrel to cause said pump plunger
seat on the end of said pump plunger adjacent sai¢ com- in its position adjacent to said delivery means to bear
_pression valve means to close said passagﬁwaﬁ 'andt'tﬁi with said suction means against and hold said com-
bear against sald compression _val?e mgans_, I_an c?n I‘l_}d pression valve means in a lifted position for delaying
means adapted to adjust the extreme positions 01 $al , e ST L
75 its valve closing action and thereby reducing the fuel

pump -plunger with respect to said pump barrel so as-to
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pressure prevailing in said delivery means during the
suction stroke of said pump plunger so as to adjust, in
turn, the fuel delivery associated with the full load of

the internal combustion engine at a predetermined num-

ber of revolutions thereof to a preselected value, said
cam means comprising a suction portion associated with
supplying an amount of fuel from said supply means,
and a compression portion associated with displacing
an amount of fuel to said delivery means, said compres-
sion portion consisting of an injection portion associated
with discharging an amount of fuel and a regulaticn por-
tion previous to said injection portion, the pitch of said
regulation pertion being less than the pitch of said in-
jection portion so as to have the adjustment of the fuel
delivery rendered dependent on the speed of the inter-
nal combustion engine.

10. A fuel 1njection pump for internal combustion en-
gines of the type described, comprising a gang of n
individual pump elements each having an individual pump
barrel, an individual pump plunger slidably arranged
within said individual pump barrel, and an individual
work chamber enclosed by said individual pump barrel
and said individual pump plunger, commcn supply means
for introducing an amount of fuel to said individual
work chambers, individual delivery means each associated
with and adapted to receive an amount of fuel from
another of said individual work chambers, a common
cam shaft, individual cam means arranged on said com-
mon cam shaft each associated with and adapted to op-
erate one of said individual pump elements, said indi-
vidual cam means comprising each an individual suc-
tion portion assoclated with introducing an amount of
fuel from said common supply means Into said indi-
vidual work chambers, an individual compression por-
tion associated with displacing an amount of fuel from
sald individual work chambers into said individual de-
livery means, and an individual delay portion added to
said individual compression portions for preventing com-
munication between said common supply means and said
Individual work chambers, and control means for re-
ducing the fuel pressure prevailing in said individual de-
livery means during the suction stroke of said individual
pump plungers to adjust the fuel delivery associated with
the full load of the intermal combustion engine at a
predetermined number of revolutions thereof to a pre-
selected value, said individual suction portions being
staggered from each other to extend with respect to
saild common cam shaft by a central angle having a
value of maximum.

L3600
n

sald individual cam means being arranged on said com-
mon cam shaft so as to have said individual suction
portions rendered mutually staggered by at least the
sald value of their central angle. |
11. A fuel injection pump for internl combustion en-
gines of the type described, comprising a gang of n
individual pump elements each having an individual
pump barrel, an individual pump plunger slidably ar-
ranged within said individual pump barrel, and an in-
dividual work chamber enclosed by said individual pump
barrel and said individual pump plunger, common sup-
ply means for introducing an amount of fuel to said

10
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- 20
sociated with displacing an amount of fuel from said in-
dividual work chambers into said individual delivery
means, and an individual delay portion added to said in-
dividual compression portions for preventing commu-
nication between said common supply mecans and said
individual work chambers, and control means for re-
ducing the fuel pressure prevailing in said individual de-
livery means during the suction stroke of said individual |
pump plungers so as to adjust the fuel delivery assc-
ciated with the full load of the internal combustion en-
gine at a predetermined number of revolutions thereof
to a preselected value, said adjacent individual suction
portions and said individual compression portions be-
ing staggered from each other to extend with respect
to said common cam shaft by a common ceniral angle

- having a value of maximum
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individual work chambers, individual delivery means each 65

associated with and adapted to receive an amount of
fuel from another of said individual work chambers, a
common cam shaft, individual cam means arranged on
sald common cam shaft each associated with and adapt-

ed to operate one of sald individual pump elements, said 70

individual cam means comprising each an individual
suction portion associated with introducing an amount
of fuel from said common supply means into said in-
dividual work chambers, an individual compression por-

tion adjacent to said individual suction portion and as- 75 dividual puI

1 3600
n

sald individual cam means being arranged on saild com-
mon cam shaft so as to have said adjacent individual
suction portions and said individual compression por-
tions rendered mutually staggered by at least the said
value of their common central angle.

12. A fuel iniection pump for internal combustion en-
gines of the type described comprising a gang of »n 1in-
dividual pump elements each having an individual pump
barrel, an Individual pump plunger slidably arranged
within said individual pump barrel, and an individual
work chamber enclosed by said individual pump barrel
and said 1ndividual pump plunger, common supply means
for introducing an amount of fuel to said individual work
chambers, individual delivery means each associated with
and adapted to receive an amount of fuel from another of
sald individual work chambers, a commoen cam shaft,
individual cam means arranged on said common cam
shaft each associated with and adapted to operate one
of said individual pump elements, said individual cam
means comprising each an individual suction portion asso-
ciated with introducing an amount of fuel from said com-
mon supply means into said individual work chambers,
an individual compression portion associated with dis-
placing an amount of fuel from said imdividual work
chambers 1nto said individual delivery means and an in-
dividual delay portion added to said individual compres-
sion portions for preventing communication between said
common supply means and said individual work cham-
bers, said individual delay portions comprising each an
individual relief portion for displacing said individual
pump plungers towards said common supply means and
thereby reducing the pressure exerted by said individual
pump plungers on said individual cam means so as to

decrease their load associated with the remainder of said

individual delay portions, and control means adapted to
adjust the extreme positions of said individual pump
plungers with respect to said common cam shaft for re-
ducing the fuel pressure prevailing in said individual de-
livery means during the displacement of said individual
pump plungers entailed by said individual relief portions
so as to adjust, 1n turn, the fuel delivery associated with
the full load of the internal combustion engine at a pre-
determined number of revolutions thereof to a preselected
value, sald individual suction portions being staggered
from each other to extend with respect to said common
cam shaft by a central angle having a value of maximum

-}-*360"
n

said individual cam means being arranged on said com-
mon cam shaft so as to have said individual suction por-
tions rendered mutually staggered by at least the said
value of their central angle.

13. A fuel injection pump for internal combustion en-
bines of the type described, comprising a gang of in-
p eiements each having an individual pump
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bariel, an individual putip plunget slidably arranged

within said individaal pump barrel, and an individual

work chamber erclosed by c¢iiid individual pump barrel

and said individual punip plunger, common supply means

for introducing an amount of fuel to said individual work
chambers, individual delivery means each associated with
and adapted to receive. an amount of fuel from another
of said individual work chambers, individual tappet means
of adjustable axial length for operating each another of
said individual pump plungets, a common cam shaft,
individual cam means arringed on said common cam

shaft each associated with one of and adapted to operate

said individual tappet means, and a control system com-
prising individual control means each associated with one
of said pump elemernts and adapted to adjust the axial
length of said individual tappet means, and common con-
trol means for selectively operating said individual con-
trol means from. without for adjusting the axial length
of said. individual tappet means and thereby reducing the
fuel pressure prevailing in said individual delivery means
during the suction stroke of said individual pump plungers
assoclated therewith so as to adjust, in turn, the fuel
delivery associated with the full load of the internal com-
bustion engine at a predetermined number of revolutions
thereof to a preselected value, said individual pump ele-
ments and said individual cam means being mutually
arranged so as to separate the time period of supplying
an amount of fuel to one of said individual work cham-
bers from the time periods of supplying amounts of fuel
to the rémaindér of said individual work chambers and
thereby to preveiit pressure réaction therebetween through
said comnion sipply means.

14. A fuel injéction pump for internal combustion.en-
gmes of the typé deseribed, comiprising a gang of in-
dividual piimp eléments edch having an individual pump
barrel, an individual pump plunger slidably arranged
within' said individual pump barrel, and an individual
- work chamber enclosed by said individual pump barrel
and said ifdividual pump pluiiger, common supply means

for introducing an amount of fuel to said individual work.

chambers, individual delivery means each associated with
and adapted to receive an amount of fuel from another
of said individual work chambers, individual tappet means
of adjustable axial length for operating each another of
sald 1individual pump plungers, a common cam shaft,
individual cam means arranged on said common cam
shaft each associated with one of and adapted to operate

said individual tappet means, and a control system com-

prising individual control means each associated with one
of said individual pump elements and adapted to adjust
the axial length of said individual tappet means, and com-
mon control means for selectively operating said indi-
vidual control means and for arresting the non-selected
ones,. respectively, from without for adjusting the axial
length of said individual tappet means and thereby re-
ducing the fuel pressure prevailing in said mdividual de-
livery means during the suction stroke of said individual
pump plungers associated therewith so as to adjust, in
turn, the fuel delivery associated with the full 1oad of the
internal combustion engine at a predetermined number
of revolutions thereof to a preselected value, said indi-

vidual pump elements and said individual cam means

being mutually arranged so as to separate the time period
of supplying an amount of fuel to one of said individual
work chambers from the time periods of supplying
amounts of fuel to the remainder of said individual work
chambers and thereby to prevent pressure reactlon there-
ketween through said common supply means. |

15. A fuel injection pump for internal combustion en-
gines of the type described, comprising a gang of individ-

ual pump elements ecach having an individual pump

barrel, an individual pump plunger slidably arranged
within said individual pump barrel, and an individual
work chamber enclosed by said individual pump barrel
and said individual pump plunger, common supply means
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for - 1ntmduc1ng an amount of fuel to said individual
work chambers, individual delivery means each associated
with and adapted to receive an amount of fuel from an-
other of said individual work chambers, individual tappet
means of adjustable .axial length for operating each a
different one of said individual pump plungers, a com-
mon cam shaft, individual cam means arranged on said

common cam shaft each associated.with one of said in-

dividual tappet means, and a system of control means
consisting of common gearing means adapted to be op-
erated from without, individual gearing means each asso-
ciated: with one of said individual tappet means and
adapted to adjust the axial length thereof, and individual
tooth means arranged on said common gearing means
so as to be capable of being . selectively engaged with
said individual gearing means for adjusting the axial
length of said individual tappet means and thereby reduc-
ing the fuel pressure prevailing in said individual delivery
means during the suction stroke of said individual pump
plungers associated therewith so as to adjust, in turn,
the fuel delivery associated with the full load of the in-
ternal combustion engine at a‘ predetermined number
of revolutions thereof to a preselected value, said indi-

vidual pump elements and said . individual cam means

being mutually arranged so as to separate the time period

of supplying an amount of fuel to one of said individual

work chambers from the time periods of supplying
amounts of 1uel to the remainder of said individual work
chambers and thereby to prevent pressure reaction therebe-
tween through said common. supply means.

16. A fuel injection pump for internal combustion en-
gines of the type described, comprising a gang of in-
dividual pump elements each having an individual pump
barrel, an individual pump plunger slidably: arranged-
within said individual pump barrel, and an. individual
work chamber enclosed by said individual pump. barrel
and said individual pump plunger, common. supply. means
for introducing an amount of fuel to said individual work
chambers, individual delivery means each associated with
and adapted to receive an amount of fuel from another
of said individual work chambers, individual tappet means
of adjustable axial length for operating each a different
one of said individual pump plangers, a- common cam
shaft, individual cam means arranged on said common
cam shaft each associated with one of and adapted to
operate said individual tappet means, and a system of
control means consisting of rotatable and axially shiftable
common toothed rack means adapted to be operated from
without, individual pinions each associated with one of
said individual tappet means and adapted to adjust the
axial length thereof upon rotation, first individual groups
of teeth supported by said common toothed rack means
in mutually aligned axial relationship, second individual
groups of teeth supported by said common toothed rack
means in mutually staggered axial relationship, said first
individual groups of teeth being adapted to be simultane-
ously engaged with said individual pinions upon rota-
tion of said common toothed rack means, said second
individual groups of teeth being adapted to be selectively
engaged with said individual pinions upon rotaticn of
said common toothed rack means, said individual pinions
being adapted to be turned upon axial displacement of
said common toothed rack means for adjusting the axial
length of said individual tappet means and thereby re-
ducing the fuel pressure prevailing in said individual de-
livery means during the suction stroke of said individual
pump plungers associated therewith so as to adjust, in
turn, the fuel delivery associated with the full load of
the internal combustion engine at a predetermined num-
ber of revolutions thereof to a preselected value, said in-
dividual pump elements and said individual cam means
being mutually arranged so as to separate the time period
of supplying an amount of fuel to one of said individual
work chambers from the time periods of supplying

amounts of fuel to the remainder of said individual work
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chambers and thereby to prevent pressure reaction there-
between through said common supply means.

17. A fuel injection pump for internal combustion
engines of the type described, comprising a gang of In-
dividual pump elements each having an individual pump
barrel, an individual pump plunger slidably arranged
within said individual pump barrel, and an individual
work chamber enclosed by said individual pump barrel
and said individual pump plunger, common supply means
for introducing an amount of fuel to said individual work
chambers, individual delivery means each associated
with and adapted to receive an amount of fuel from an-
other of said individual work chambers, individual tap-
pet means of adjustable axial length for operating each
q different one of said individual pump plungers, a com-
non cam shaft, individual cam means arranged on saud
common cam shaft each associated with one of sald in-
dividual tappet means, and a system of control means
consisting of rotatable and axially shiftable first commen

toothed rack means adapted to be operated from without, -

first individual groups of teeth supported by said first com-
mon toothed rack means in mutually aligned axial rela-
tionship, second individual groups of teeth supported
by said first common toothed rack means in mutually
staggered axial relationship, rotatable second common
toothed rack means, gearing means for positively trans-
mitting rotational motion from said first common toothed
rack means to said second common toothed rack means,
third individual groups of teeth supported by said second
common toothed rack means in mutually staggered axial
relationship, individual pinions each associated with one
of said individual tappet means and adapted to adjust
the axial length thercof, said first individual groups of

teeth being adapted to be simultaneously engaged with

said individual pinions upon rotation of said first common
toothed rack means, said second individual groups of
teeth being adapted to be selectively engaged with said
individual pinions upon rotation of said first common
toothed rack means, said third individual groups of
teeth being adapted to be individually engaged with said
individual pinions upon rotation of said first common
toothed rack means, said first and second individual
eroups of teeth and said third individual groups of teeth
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being in complementary mutual relationship as regards
said first common toothed rack means and said second
common toothed rack means so as to have said inditvidual
pinions when being selectively engaged with said first and
second individual eroups of teeth, respectively, be dis-
engaged with said third individual groups of teeth and
the non-selected ones of said individual pinions be en-
gaged with and arrested by said third individual groups
of teeth, said individual pinions being adapted to be
turned upon axial displacement of said first common
toothed rack means for adjusting the axial length of said
individual tappet means and thereby reducing the fuel
pressure prevailing in said individual delivery means
during the suction stroke of said individual pump piungers
associated therewith so as to adjust, in turn, the fuel
delivery associated with the full load of the internal com-
busticn engine at a predetermined number of revolutions
thereof to a preselected value, said individual pump ele-
ments and said individual cam means being mutually
arranged so as to separate the time period of supplying
an amount of fuel to one of said individual work cham-
vers from the time periods of supplying amounts of fuel
to the remainder of said individual work chambers and
thercby to prevent pressure reaction therebetween
through said common supply means.
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